Previous studies have suggested that excessive losses of FVC and FEV1 were occurring in Vermont granite workers despite the fact that mean quartz levels existing in the industry were below the current OSHA standard of 100 ,ug/m3. We reexamined these losses in granite workers over an 8-year period, testing the workforce biennially from 1979 to 1987. All workers, including stone shed, quarry, and office, were offered forced spirometry using a 10-L water-sealed spirometer (Collins). In the peak year of participation (1983), 887 workers out of a total of approximately 1,400 were tested. Estimates of longitudinal loss were based on 711 workers who participated in at least three of the surveys. The mean age of this group was 42.9 years, and the mean years employed was 19.3 years; 21.4 percent were nonsmokers (NS), 34 Concern about the health effects of quartz dust exposure has led to many studies of the Vermont granite industry, several of which have been influential in setting federal standards for safe levels of exposure to quartz dust. The earliest studies dealt with the prevalence of radiographic silicosis and the presence of tuberculosis.'14 Questions regarding pulmonary function were not addressed until 1974, when one5 of a series of three articles5-7 that were influential in the National Institute for Occupational Safety and Health (NIOSH) criteria document8 suggested that quartz dust exposure was producing an excessive loss of pulmonary function, independent of aging or smoking history. A statistical analysis of a single annual pulmonary function survey of the granite workforce, using cross-sectional techniques, suggested that a 2-ml loss in forced vital capacity (FVC) was occurring annually in relation to an average year of dust exposure (estimated to be 526 ,ug/cm3 and 9 percent quartz). This 2-ml loss was in contrast to a 9-ml loss per year due to smoking, and silicosis; spirometry a 30-ml loss per year due to aging. Although the 2-ml loss attributed to dust exposure was described in one commentary as trivial in terms of clinical importance,9 a subsequent article detailing longitudinal losses'0 suggested that far greater losses were in fact occurring. The authors described a 50-to 70-ml annual loss for FEV, and a 70-to 80-ml loss for FVC. This conclusion bolstered the authors' previous contention that the permissible exposure limit for quartz dust should be lowered from 100 ,ug/m3 to 50 ,ug/m3.
monary function were not addressed until 1974, when one5 of a series of three articles5-7 that were influential in the National Institute for Occupational Safety and Health (NIOSH) criteria document8 suggested that quartz dust exposure was producing an excessive loss of pulmonary function, independent of aging or smoking history. A statistical analysis of a single annual pulmonary function survey of the granite workforce, using cross-sectional techniques, suggested that a 2-ml loss in forced vital capacity (FVC) was occurring annually in relation to an average year of dust exposure (estimated to be 526 ,ug/cm3 and 9 percent quartz). This 2-ml loss was in contrast to a 9-ml loss per year due to smoking, and Supported by NIOSH grant 5 ROI OH0135-04. Manuscript received November 15, 1993 ; revision accepted March 15, 1994. were related to the initial values for FVC or FEVI, height, age, and smoking status. After adjusting for these variables, the losses of both FVC and FEV, were not correlated with years employed in the granite industry. No significant differences existed in the loss of FVC or FEV, in categories of workers exposed to different levels of granite dust, eg, office, quarry, and stone shed workers. The annual losses of pulmonary function were significantly smaller than those estimated previously, which were 0.070 to .080 L in FVC, and 0.050-0.070 L in FEVI. We silicosis; spirometry a 30-ml loss per year due to aging. Although the 2-ml loss attributed to dust exposure was described in one commentary as trivial in terms of clinical importance,9 a subsequent article detailing longitudinal losses'0 suggested that far greater losses were in fact occurring. The authors described a 50-to 70-ml annual loss for FEV, and a 70-to 80-ml loss for FVC. This conclusion bolstered the authors' previous contention that the permissible exposure limit for quartz dust should be lowered from 100 ,ug/m3 to 50 ,ug/m3.
However, the authors could not demonstrate a relationship between dust exposure and pulmonary function loss. This lack of a relationship was attributed to difficulties in accurately measuring dust exposure.
The recommendation for a 50-,ug/m3 meter permis- Analyses of variance and covariance were used to compare means of these slopes for various subject groups and examine relationships.
RESULTS
The number of workers tested in the biennial surveys who also had background information available (age, height, smoking status, years in granite) is given in Table 1 . The numbers listed for 1979 are artifactually low, since 150 workers had spirometry performed in 1978 before the current study was initiated, and they were not retested when we began this study in early 1979. Their spirometric values are not included in the study because the apparatus used (Vitalograph) had not been carefully calibrated. In addition, approximately 100 tracings from the 1979 survey have been lost and are not available for analysis. Only 173 workers were tested on all five occasions over the 8-year period, reflecting the fact that new workers were coming into the work force, others had retired or were unavailable for testing because of vacation, sick leave, or unwillingness to be tested. We believe that the high participation rate in 1983 was partially due to the fact that chest radiographs were offered in a mobile van at the workplace for the first time since 1976, when the annual chest radiograph surveys carried out by the Vermont State Health Department were abandoned.
Seven hundred eleven workers were tested three times or more and had relevant background information available; our conclusions regarding longitudinal loss of pulmonary function are based on this sample. Since there were only two women working in the stone sheds, and the participation of women who worked in offices was low, we have analyzed only the male workers. The basic cross-sectional data describing these workers, such as age, height, and years worked in the granite industry, are presented in Table 2 . This demographic information was used in the analysis of covariance. office, shed, and quarry workers did not have significantly different lung function decrements (p=0.523 for FVC, and p=0.348 for FEV1). Pairwise comparisons of the three groups of workers also were not significant. While "years in granite" may be a reasonable index of granite dust exposure for stone shed workers, it is not an appropriate index for office and quarry workers, who are generally thought to be exposed to less or no quartz dust. The analysis of covariance for the stone shed workers alone did not indicate that "years in granite" had a significant effect on pulmonary function loss.
Four hundred thirteen dust measurements were made in the stone sheds during 1983 to 1984. Samples were collected using personal breathing zone samplers. To assure that the resulting dust samples were representative of the prevailing environment, the sampling design used a stratification process that included shed size, occupational category, and season as stratification variables. The mean ( ± SD) concentration was 601 (± 368) ,ug/m3, which is quite similar to the results reported previously.7"17 The previous workers' estimates of percentage quartz present in granite dust were 10 percent, derived from analysis using infrared spectroscopy.7"17 Using this percentage, we estimate the average quartz dust level as 60,g/m3. Our own estimate of quartz percentage using x-ray diffraction techniques is 10.81 percent, which agrees closely with previous findings. Our analysis of this material is not complete since we found some variation in the estimates related to using different sized x-ray diffraction filter holders.
Our measurements also indicate that approximately 10.5 percent of the dust samples were in excess of the current Occupational Safety and Health Administration (OSHA) standard of 100 gg/m3. If our sampling is representative of dust exposures, and dust levels have been relatively constant for the past several decades, this finding implies that a portion of the stone shed workers have been exposed to excessive quartz as defined by the current OSHA standard of 100 ,ig/m3.
DISCUSSION
The purpose of the current study was to reevaluate the issue whether the current exposures to granite dust led to a precocious or accelerated loss of pulmonary function, as stated in several previous articles.5"10"14 We had raised serious questions concerning the validity of these estimates of loss. The previous workers have agreed that the FVC estimates of loss were invalid because of short expiratory times;12 however, there has been continued discussion of the losses in FEV1 values.'2'4 In 1983, Eisen et al'4 discussed the "effects of selection" in Vermont granite workers, using the data from pulmonary function surveys performed from 1970 to 1975. Granite shed workers were divided into four categories based on the 1975 survey: (1) the "survivors," who were still working and performed spirometry acceptably; (2) those who declined to participate; (3) "terminees," those who had left the industry; and (4) those who failed to meet the repeatability criteria for spirometry, defined as variation in best values less than 200 ml. This group, labeled "PFT-failures," had losses of FEV, averaging 101 ml/yr. When the "terminees" were combined with "PFT failure" group, the decrements in FEV1 were 167 ml/yr. Why these groups (the "PFT failures" and the "terminees") had as good lung function in the initial year (1970) of the study as the other groups, after working in the industry for an average of 15 years, smoking similarly, and being exposed to the same granite dust levels is not clear. In fact, the "PFT failures" had perfectly normal lung function with an observed/ expected ratio of 1.0 for the FEVI, the best ratio of all the subgroups. The expected values were derived Longitudinal Pulmonary Function Losses in Granite Workers (Graham et al) from a healthy nonsmoking population.19 The conclusions of these authors that excessive lung function losses in the "PFT failure" group were due to "temporary sickness, or a function of poor health" are probably speculative. The FEV, values used for their analysis were derived from the same tracings that have been criticized previously on the basis of possible technical inadequacies.'1 Despite the implication that accelerated pulmonary function loss in some groups is related to adverse health effects from work exposure to dust, the effect of granite exposures on decrements of FEV, for the "PFT failure" group when compared with the "survivor" group did not reach statistical significance.
Aside from attempting to clarify whether previous estimates of loss were accurate, our major goal was to determine whether the occupational exposure to granite dust leads to a loss of pulmonary function in excess of losses expected from smoking and aging. Our dust measurements in the stone shed workers showed that when analyses of variance methods were used to compare exposures in seven job categories, no pairs differed. On the other hand, we can compare the shed workers with two other categories of workers in relation to pulmonary function loss, the office workers and quarry workers. Although no dust exposure estimates have ever been made in the quarry or office workers, a reasonable supposition is that their exposures are considerably lower than the stone sheds workers or negligible. Within these different occupational categories, mean changes in pulmonary function that occurred are illustrated in Table 4 .
Losses of FVC and FEV1 over the duration of the study did not differ among exposure groups, suggesting that granite dust exposure did not play a detectable role in inducing pulmonary function loss.
Finally, results of analysis of covariance suggest that granite dust exposure, defined as years working in granite, did not have an independent effect on pulmonary function loss for any of the three pulmonary function variables we examined. As noted above, "years in granite" as an exposure index would be reasonable for men employed in the stone sheds, but it is not appropriate for office workers or quarry CHEST / 106/1 / JULY, 1994 129 workers. Despite differences in exposure to dust, spirometric losses within each of these three groups are not statistically different, providing additional support for the conclusion that granite dust exposure at current levels which are in conformance with current OSHA standards does not appear to accelerate pulmonary function loss. The confounding effect of years in granite and age was addressed by inclusion of both in the statistical covariance model. Furthermore, the analysis of stone shed workers alone detected no "years in granite" effect on losses. This supports the conclusions of Musk and Eisen that no relationship could be established between granite dust exposure and rate of pulmonary function loss.
In summary, we find that annual average pulmonary function losses in Vermont granite workers are much less than previously reported, and that the rate of decrement is essentially that reported in non-dustexposed blue collar workers. While the mean granite dust exposure was below the current OSHA standard, approximately 10 percent of the dust samples exceeded this standard. We conclude that the standard proposed by Russell et al' in 1929, which is the basis of the current OSHA standard, is adequate to protect workers exposed to silica from abnormal lung function losses. Reports of excessive losses of pulmonary function based on studies performed in the early 1970s, which were influential in the proposed NIOSH standard of 50 ,ug/m3, appear to have overestimated pulmonary function losses. Further, the suggestion that granite dust has an independent effect on inducing lung function loss at current levels of exposure has not been confirmed. The gradients in pulmonary function loss among never-smokers, exsmokers, and current smokers suggest that cigarettes are the major cause of accelerated loss. If exposure to quartz dust is maintained below the current OSHA limits, we believe that detriment to lung function will not occur.
